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The gen d b ic larvae that
inhabit wa!er—ﬁlled cavities. The larvae feed from large yolk reserves during
as been for four of the

ten known specles P e morphology are
available only for one. We describe the external morphology, oral disc and
chondrocranial anatomy of the larvae of Eupsophus gueulensis. The

q is tadpoles are with those of other

o
Eapsophus larvae.

INTRODUCTION

The genus Eupsephus consists of 10 recogmzed species, including the recently described
Eupsophus guenlensts (VLoso et al, 2005) They are distributed throughout the temperate
forests of southern Chie and Argentina The larvae of only four species of Eupsophus have
been described so far £ roseus (FOrRMAS & PUGIN, 1978), £ emiopugun (Formas, 1989a),
E calcarans (Formas, 19894; Vira CaNDioTi ctal , 2005) and E vertebralis (FOrRMAS, 1992}
These larvae have been classified as endotrophic-mdicolous (AL TIG & JoHnston, 1989). They
are characterized by having few denticles, scarce pigmentation. and wntermnal organs visible
through the unpigmented ventral skin.

Herein, we describe and illustrate the external morphology of the tadpole of Eupsopiun
guteulenses and its chondrocramal anatomy, comparing the characieristics of this species with
those previously described for the genus.

MATERIALS AND METHOD

Alberto Veloso und Klaus Busse collected a clutch of eggs. along with a guarding adult
temale, from a water-flled cavity at Lhe type locahty, Reserva Nacional Los Queules (35°59°S,
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72°41’'W}), Maule Regron, Chile, on November 2003 The female was included among the type
series 1n the description of the species (VELOSO et al., 2005), The eggs were brought and
hatched in the laboratory. Four larvae developed and they were used m this description.
Specimens were fixed 1n 95 o ethanol and subsequently preserved in 10 * o commercial grade
formalin. Tadpoles are in Gosner stage 34 (GOSNER, 1960).

Measurements, terminology and labial tooth row formula follow ALTIG & McDiarMID
(1999). Mcasurements were taken using an eye micrometer under a Wild M3C Leica stereo-
microscope. The description of larval external morphology 1s based on the examination of
four larvae (Cardenas-Rojas Field Number DRCR 062) After examination of external
morphology. two larvae were prepared for scanning electron analysis. The other two
larvae were d d at the her 1 it of the Instituto de Zoologia Universi-
dad Austral de Chile (1ZUA), Valdivia, Chile. Tadpole illustration is based on individual
1ZUA 3708. The other specimen was used for analysis and description of chondrocranial
anatomy (IZUA 3709); the specimen was cleared and double-stained for bone and cartilage
using a modified techmque of DNGERKUS & UnLER {1977). Chondrocranial terminology
follows 11aas (1995, 2003) and LarsonN & D SA (1998) Illustrations of larval morphology
and chondrocranial anatomy were made using a Wild M3C Leica stereomicroscope with a
camera lucida attachment.

RESULTS

DESCRIPTION OF TADPOLE

Tadpoles of Eupsophus queulensis have an elliptical body (fig t) The snout s rounded m
dorsal and lateral views, the dorsal contour of the body gradually curved from oud-body to
snout The nostrils are situated midway between the tip of snout and the anterior border of
eyes. The eyes are large, they are laterally positioned and directed anterodorsally, they are
separated by a distance 1.9 x the eye diameter The spiracular tube 15 absent, the spiracular
opening is small, lateral and sinistral. The length of the tail s nearly twice the body length, the
dorsal and ventral fins are well developed and almost parallel to the tail musculature, the
dorsal fin ongnates on the posterior third of the body and the ventral fin origmates postertor
to the vent tube. The caudul musculature 1s moderately robust with poorly defined myotomes;
the tall ip1s rounded The vent tube and opentng are medial The color of preserved specimens.
ts yellowish white whereas the abdomen and fins are transparent and the internal organs are
wisible. The dorsal surface arca 1s hght brownish with scarce and minute melanophores

The oral disc is positioned ventrally, 1t1s not emarginated and it possesses a single row of
margmnal papillae with a wide rostral gap tabout 1/3 of the anterior labium}, submdrginal
papillae are absent (fig 2). The labial tooth row formula 1s 2(2)/2, the posterior labial tooth
rows are about equal 1n length. The upper and lower jaw sheaths are prgmented for about
one-third of their width and have serrated edges.
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s
Fig 1 - Lateral view of Eupsophus queulensss, IZUA 3708, Gosner stage 34 tadpole. Bar 5.0 mm
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Fig 2 Oraldise of Eupsephios querdensss, [IZUA 3708, Gosner stage 34 tadpole Bar 05 mm
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Fig 3 - Suprarostral cartitages of Eupsophus queutensn, IZUA 3709, Gosner stage 34 tadpole Bar
.5 mm

Measurements in millimeters of tadpole IZUA 3708, following ALTiG & McDIARMID'S
(1999) methodology, are as follows. body length 6 3; body height 3.7, body width 4 2, tail
length 12.0; maximum tail height 4.5; tail muscle height 2.2; tal muscte widih 1,9 mterorbital
distance 2.9; ternanal distance 1.6, oral disc length 1.9.

CHONDROCRANTUM

The paired suprarostral cartilages support the upper horny beak Each suprarostral
consists of a central body and a lateral wing. The bodies of the suprarostrals are vertically
rectangular and they are largely fused to the wings (fig. 3} The bodies of the suprarostrals are
connected ventromedially via a narrow cartilage. The lateral wings of the suprarostrals are
triangular-shaped: the width of each suprarostral’s wing s about twice that of the bady, the
wings have a short but clearly visible processus (p ) posterior dorsalis The suprarostral bodies
and the medial margins of the suprarostrals’ wings articulate with the up of the trabecular
horns.

The cornua trabecudae are short, less than 20, of the total chondrocranial length. They
project anteriorly from the plunwm trabeculure anticum, dverging from each other and
forming a wide and shallow “U™ The cormuu trabeculue are almost umform i width
throughout thetr length and they curve strongly ventrally to arnculate with the suprarostrals
tfig 4A, Ch The p fateralts trabecudae 1s poorly developed and almost indistinguishable; 1t
conngets laterally the cormua trabecudue with the p. quad) h fs vid the fig
gt atoethmordale. The posterior confluence of the corni trabecudae 1s conunuous with the
planum trabeculare antreum and the developing planan edunowdale, the later begims to
form the anterior wall of the bramcase at Lhis stage. The fecawrn zast has not yet begun to
develop.

Atstage 34, the cramal floor s not yet fully chondnfied, a thincartilage closes the fenesteg
hestcrantalts, Two sets of openings are found on the cranial floor. The anterior pair. the
Joranunu cramopalatima, 1> small and almost not visible, whereas the posterior parr, the
Joranina carotica primaria, 1s well defined (fig. 4B)

The cartihuge ot bitadps Torms the laterad walls of the braincase However, these cartilages
do not connect to the ot capsule yet. consequently. the dorsal and anterior margins ot the
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Fig 4 - Chondrocranum and hyobran bial apparaws of Eupsoplues queidensis. IZUA 3709, Gosner
stage 34 tadpolc (A) dorsal. (B ventral, and {C) lateral views, (D) ventral view of hyobranchial
apparatas Bar | 0 mm Cb 1 IV, ceratobranehial cart.lages 1-1V. ch, ceratohyal, cqa. conmissira
quadratocranials antertor. o, cornia trabeqihae, <is, conmnssurac termmales. fab, factes artieudars
Ialn, b, fenc stra basicranialss. fop. foramien caroticum prina s, ), foramen jugidare. (o, foramcn
o, foc. foramen oculomoior . v fn it rals. 1. foram perlvmphcic o nferor. .

I plate, hy, 1 drate process, 1, nfrarostral carlilage. m, Meckel's cartilage: oc,
otic capsule, pa. processis aseendons, pab, processis anderior hrangalis, pah, pracessus antonor
Iadis. Pl processis anierskateral Jralts, Pad. pars aricidares gieadrate, pm. procssin msc adarns,
PP, s s ot dorsals, PP, process pteston s, . pars e, b, proc s

al. se. supr carpies. » spiciada, 0, subovu.ar bar of palato

sd,

quadrate, ts, tec o synoticwm, tn, taenta tecit marginalin
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Joramen (f ) prooticum are open (fig. 4C). The / opticum and the f oculomotoruan perforate
the cartifago orbualis, the later being the smaller of the two and found posterior and ventrally
to the former.

The fenesira frontoparietalis 1s not yet complcte, Laterally, we found very thin taeniae
tecti margmales, and posteriorly the tectim stnonicum 1s found as a narrow cartilage connee-
ting the otic capsules (fig. 4A).

The otic capsulae are about 33 %o of the total chondrocranial length and 38 % of the total
chondrocranial width The ventrolateral surface of the otic capsules bears a large fenestra
ovalis. Alarval crista parotica and p oticuin are absent The arcus ocapitalis extends ventrally
from the posteromedial margin of the otic capsule, fusing with the planum basale and giving
rise to the occipital condyles. The f perilymphaticiun inferior 1s found lateral to the /. jugulare
on the ventromedial margin of the otic capsule (fig. 4B).

The cartilago palaroguadratr has a constant width throughout its length. It has two
attachments to the braincase, anteriorly the commuissura quadratocraniults anterior and pos-
teriorly the p. ascendens. The commussura quadratocramalis anterior extends between the
cartilugo palatogquadrati, at a level just posterior to the pars articularis quadrati, and the floor
of the neurocramium (fig. 4A-B) The anierior margin of the commissura quadratocranialis
anterior bears a triangular p. quadratoethmoidals, which serves as the point of attachment for
the ligamentum quadratoethmoidale. A very short, almost indistinet, and blunt p antorbizalis
15 present. The posterior curvature of the cariilago palatoquudrati extends slightly beyond the
level of attachment of the p ascendens to the braincase. The lateral and posterior margins of
the palatoquadrate curve slightly dorsally, giving the pal. drate a concave m
dorsal view The p. ascendens 1s a narrow and rod-like cartilage connecting the posteromedial
margin of the curtilago pulatoquadrati to the cartidago orbitalis The p ascendens attaches just
posterior to the oculomoror foramen, Le., Sokov's (1981) mtermediate condition. The
P ascendens 1s almost perpendicular (85-90 angle) to the maim axis of the chondrocranum
(fig. 4A-C).

Anterorly, the cartfago palatoquadratr has two processes, the p muscularts quadrari and
the pars articularts quadrati The p musculunis 15 broad, flat, and extends dorsally from the
lateral margm of the cartdugo pulatoguadran posterior 10 the pars articulurts quadrair The p.
muscularis 18 visible in lateral view The dorsal edge of the p muscudaris nchines medually: a
conumissiira quad) {115 absent, | hately below the pmuscularis and ventrally on
the caridago palatoquudrats there 1s a noteh, the fucies articularis hyahs, which serves as the
point of articulation of the ceratohyal with the carrilugo palutoquadratr. On the articular
surface 1s the hyoquadrate process which 1n lateral view is a small and sub-triangular process.
The pars atuudarss quadraii 1s shghtly angled medually and articulates broadly with the
cartilugo Meckeli.

Meckel's cartilages. together with the infrarostral cartilages, form the mandible during
Tarval stages. Meckel's cartilage 1s stout and has a sigmotd-shape; its anteromedial margin 1>
concave whereas its anterolateral margin s convex Laterally, the cartdugo Mcchddrarticalates
with the pars arttculars quadratt via the pretroartendarn This process curves ventrally
beneath the pars articudarss guadrart. Anteromedially, the caritfugo Meckelr has two processes,
the p dorsomediafs and the p vennonsediadis. The posterodorsal pertion of the infrarostrals
cartilages articulates with Meckel's cartilages between these two processes. The infrarostral
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cartilages provide support for the lower keratmized beak. Each infrarostral is rectangular m
shape and outwardly rounded over their entire anterior margin

HYOBRANCHIAL APPARATUS

The ceratohyala are medially wide and fiat cartilages; laterally, they are twisted dorsally
to articulate with the carrilago palatoquadrati at the facies articularis hyalis Each ceratohyal
bears two processes on the anterior margin, a triangular p. anterior hyalis and a rounded and
small p ke lts hyalis The ¢ fyalia also have a well-developed p. postertor hyalts.
Medually, the ceratohyalia are connected by a pars rewmens, which 1s continuous with the
capulu posterior. Posteroventrally, the copula posterior has a small p. wrobranchialis The
copula posterioris with the hypot hial plates. The hypot hial plates do not
contact each other medially; they are contimuous with the ceratobranchials (Ch). Posteniorly,
the hypobranchial plates diverge and their posterior edges form an inverted V (fig 4D}

The branchial baskets consist of four ceratobranchials (Cb I-Cb 1V). The p. branchialisis
absent. The ceratobranchials are distally continuous via the commissurae terminales, except
between Cb Iand Cb I1. Proximally, ceratobranchial Tis attached to the hypobranchial plate
by a wide strip of cartilage, Cb I bears a wide and flattened p antertor brandiualts on its
anterior margm, Ceratobranchials 11, 11E and 1V are fused to the hypobranchial plate, the
former two via a narrow bar of cartilage and Cb IV viaa wider cartilagmous connection Only
ceratobranchial [ and 11 bear poorly developed spicudue, near their point of attachment to the
hypobranchial plate

Discussion

The tadpoles of Eupsoplius quenlenses are very similar in morphology and color patterns
to those of E roseus, E ennltopugin, E calcaratus and E vertebralts (FORMAS & PUGIN, 1978,
ForMAS, 1989¢-5, 1992; VERA CanpioTI €t al., 2008). They have elliptical body, approximately
two times longer than higher, their tail length 1s almost twice the body length Eyes are
positioned dorsolaterally. The creamy white color and scant pigmentation are common trais
of endotroph mdicolous tadpoles (THIRAUDEAU & ALTIG, 1999).

Eupsophus tadpoles differ 1n a few charactenstics The spiracular tubes of Lupsophus
emilopugmiand E vertehrales are short, sistral and ventrolaterally located (FORMAS, 19894,
1992) Eupsopliues quendensss, E roscus IFORMaS & PUGIN, 1978) and £ calcaratirs (FORMAS,
19895) share a small and sinistral spiracular opening without spuracular tube A single,
sinistral, and ventral spiracular tube with a visible openmg has been prevtously reported for
E calearans (Vira Canoiori et al |, 2005), Tadpoles of E calcaratis (IZUA 2896-2897,2957)
examined herein do not have spracular tube. The lack of a spiracular tube 15 a modification
for tadpoles with midicolous hfe hustory (THIBALDEAU & ALTIG, 1999).

Theotaldisc of £ quewdensts and all desenibed Eupsopiun larvae does not differ [rom that
of typical exotrophic larvae 1t 15 ventral and has a single row of margmal p:pillae with a
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distinet rostral gap, The reported labial tooth row formulae range from 2/2 i £ roseus
(Formas & PUGIN, 1978). E ennfiopugint (FORMAS, 1989¢) and £ calcaratus (FORMAS, 19895)
to 2(2)/2 1 E queulensis (this work) and 2(2)/2(1) in E vertebralis (ForMas, 1992). The
presence of a vestigial third posterior row in one individual and the following intraspecific
variation was reported for larvae of E. calearatus. 2202, 212W2(1) (VErRa CanpIOTI et al..
2005).

Only the chondrocranium of Eupsophus calcararus had been desenbed so far (Vira
CanpioTi et al., 2005) Heremn we compare the main differences between £ gueniensis
(stage 34yand £ calcaratus (stage 31); characteristics for E. calcaratus are given in parenthe-
si1s. Eupsophus gueulensis has body and wings of the suprarostrals largely fused gomed by a
cartilaginous dorsal bridge), the trabecular horns are of uniform width throughout their
length (anteriorly narrow): the trochlear foramen 1s absent (present); the p ascendens of the
palatoquadrate has an intermediate attachment to the brancase (low attachment); the
infrarostrals are connected medially through connective ussue (infrarostrals fused mnto a
single element), conumissurae termmales are absent between Cb I and Cb I (present), and
spiculae absent in Cb T and Cb IV (present in Cb III).

Based on adult morphology, karyotypes, call characteristics, and a recent molecular
phylogeny, the ten species currently included 1n the genus Eupsophies have been separated into
two spectes groups, the roseus and the verrchralts groups (FORMAs 1980, 1991, 1993; Formas
et al, 1983, 1992, FERNANDFZ DI LA RIGUIRA, 1987, Prnna & Viroso, 1990; Ormiz &
IBARRA-VIDAL. [992: PENnA & Sovis, 1995: NUREZ etal , 1999 NCRez, 2003) The available
chondrocranial data are restricted 1o two species of the roseus group. Guven the lack of
baseline tadpole data, it is not yet possible 10 determune if Tarval characteristics (external and
mternal) can provide additional support to differentiate the two groups.

RESUMEN

El género Eupsophus se caracteriza por poseer larvas endotréficas que habitan cavidades
conagua Durante la metamorfosis Jas larvas se sustentan de sus grandes reservas vitelinas, La
morfologia externa ha sido deseripta para cuatro de las diez especies conocidas en el genero;
caracternticas de la anatomia condrocrancal fueron reportadas s61o para una especie. En este
trabajo se describen la morfologia larval externa, el disco oral larval y la anatomia condro-
crancal de Ewpsopiin quendensis, Las caracteristicas de la larva de esta especic se comparan
con las de otras larvas en ¢l género Eupsopiis.
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